RECORDING MEDIUM, RECORDING mO REPRODUCING METHOD 
mo RECORDING AND REPRODUCING APP7\RATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present Invention relates to a recording method, a 
recording and reproducing method and a recording and reproducing 
apparatus, and particularly to a recording method, a recording and 
reproducing method which generlcally refers to either of or both of 
a recording method and a reproducing method and a recording and 
reproducing apparatus which generlcally refers to apparatus having 
function of either recording apparatus or reproducing apparatus of 
fimctions of both recording apparatus and reproducing apparatus. 
Description of the Related Art:; 

As a rewritable high-density optical recording system, 
heretofore, there is known a magneto-optical recording and reproducing 
system having a fimdamental principle in which a magnetic thin film 
is partly heated in excess of a Curie temperature or a compensation 
temperature with application of heat energies of laser beams so that 
a magnetization direction is reversed to the direction of a recording 
magnetic field applied from the outside by decreasing or extinguishing 
coercive force held at that portion. 

Further, as the rewritable high-density optical recording 
system, heretofore, there is known a phase change recording and 
reproducing system having a fundamental principle in which a phase 
change thin film is heated in excess of a crystallization temperature 
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with application of heat energies of laser beams and thereby this portion 
is crystallized. 

Further / as the rewritable high-density optical recording 
systeiU/ heretofore, there is known a magnetic recording and reproducing 
systemhaving a fundamental principle in which a magnetization direction 
of a magnetic thin film is partly inverted with application of magnetic 
energies from a magnetic heado 

Further/ as the rewritable high-density optical recording 
system^ heretofore/ there is known a dye recording and reproducing 
systemhaving a fundamental principle in which a dye thin film is partly 
heated with application of heat energies of laser beams and thereby 
this portion is evaporated or deformed. 

Furthermore/ as a high-density optical recording system/ 
heretofore/ there is known a reproducing system in which existence 
of recording pits on a recording mediura is detected by reflected light 
or passing light. 

As personal computers/ the Internet and cellular phones are 
progressively widespread in recent years, the amount of recording 
information rapidly increases and circulation and distribution of a 
huge amount of information are advanced rapidly. 

In accordance with the advance of circulation and distribution 
of a huge amount of information/ not only communication technologies 
for transmitting and receiving information by telephone network lines, 
communication technologies for transmitting and receiving inf orroation 
via satellites and communication technologies for transmitting and 
receiving information by exclusive-telephone network lines have been 
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put into practice. 

In accordance with rapid increases of amount of recorded 
infontiation^ in order for consiamers to record and reproduce these 
infontiation^ there have been put into practice mass-storage recording 
mediums such as a rewritable recording medium^ a read-only type audio 
disk/ a video disk and a hard disk. 

On the other hand^ since mass-storage recording information 
can be handled with ease inexpensively^ technologies for maintaining 
securities concerning recording^ storage^ reproduction^ circulation 
and distribution of information become important increasingly. 

In particular^ since mass-storage recording mediums can be 
manufactured relatively easily at low cost, there is a large risk that 
illegal recording mediums in which recording mediums themselves or 
part of or whole of recorded information on the mediums are duplicated^ 
imitated/ forged and carried away will be manufactured. 

Optical recording mediums in which mass music data^ mass video 
data/ mass program data and various types of data are recorded on a 
recording medium by pit marks formed of very small concavities and 
convexities/ e.g./ compact disc (CD), digital video disc (DVD) and 
the like can be physically duplicated/ imitated and forged and illegally 
used by disassembling and separating the recording mediura. 

Accordingly/ in order to prevent illegally recorded 
information recorded on the mass-storage recording mediuia from being 
duplicated/ imitated/ forged and carried away/ serviceability and 
security function of recording medium or its recording and reproducing 
method or its recording and reproducing apparatus have to be 
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strengthened. 

Serviceability and security function of recording medium^ 
recording and reproducing method or recording and reproducing apparatus 
have been strengthened so far. 

Japanese laid-open patent application No. 11-78314/ for 
example/ has described a technology in which information for 
ascertaining a true recording medium is printed on a recording medium 
and a true recording medium is judged based on this printed information 
for ascertaining a true recording medium. 

Japanese laid-open patent application 11-66616/ for example^ 
has described a recording medium in which a laminated layer including 
a fluorescent layer for generating ultraviolet rays and a specific 
fluorescent cutoff layer is formed on a substrate/ fluorescent light 
is generated under ultraviolet rays and recorded information may be 
read out visually by the naked eyeSo 

However/ in these recording xaediumS/ since a material of a 
recording medium or a substrate has to be selected separately/ a film 
has to be separately deposited on the recording medium or the substrate 
and information has to be separately printed on the recording medium 
in order to ascertain a true recording medium/ a manufacturing process 
of recording medium becomes complicated and a manufacturing cost of 
recording medium is increased inevitably. 

Japanese laid-open patent application No. 11-86349 and 
Japanese laid-open patent application No. 11-162015 has described 
technologies in which a peeling preventing layer made of a resin whose 
elongation is large is formed on a recording layer and a protecting 
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layer made of a resin whose elongation is small is formed on the peeling 
preventing layer so that physical duplication of a recording mediim 
by disassembling or separating the recording medi-um can be prevented. 

However / in order to prevent these recording mediums from 
being disassembled or separated/ materials have to be selected 
separately and films have to be deposited separately. For this reason^ 
the manufacturing process of recording medium becomes complicated and 
the manufacturing cost of recording medium increases inevitably. 

Japanese laid-open patent application No. 8-124219^ for 
example^ has described a recording medium in which rims are formed 
aroiand pits by irradiating laser light on the pits f orraed when a light 
transmission substrate is formed by injection molding and these pits 
with the rims are used as information for ascertaining a true recording 
medi"um. 

Japanese laid-openpatent application No. 11-120633/ Japanese 
laid-open patent application No. 11-162026 and Japanese laid-open 
patent application NOo 2000-82239 have disclosed technologies of 
recording medirmis in which area having different curing degrees are 
partly produced in a bonding layer by irradiating electromagnetic 
radiation beams / which can selectively cure the bonding layer ^ on the 
bonding layer of a bonded recording medium^ whereby a partial stress 
is produced in a reflecting layer facing the bonding layer and the 
reflecting layer is deformed from the original place to thereby form 
information for ascertaining a true recording medium. 

However/ in these recording mediums/ since the recording pits 
on the recording medium or the reflecting layer facing the recording 



6 



pits are deformed directly, in particular, in the case of an optical 
recording medium in which information is recorded and reproduced by 
laser light, a bad influence will be exerted upon a servo signal and 
a recording signal. 

Japanese laid-open patent application No. 9-305697 and 
Japanese laid-open patent application No. 11-101690 have described 
methods in which spectruia information of light passed through a recording 
medium or light reflected on the recording medium is used as information 
for ascertaining a true recording medium o 

However, since these recording mediums should be reproduced 
by a plurality of wavelengths in order to ascertain a true recording 
medium, a reproducing apparatus becomes complicated. Moreover, a 
reproducing apparatus becomes expensive. 

Japanese laid-open patent application No. 11-73687 has 
described a method in which transmittance or reflectance of organic 
compoimd on a recording medium is used as information for ascertaining 
a true recording medium. 

However, in these recording mediums, since materials should 
be selected and films shouldbe deposited separately in order to ascertain 
a true recording mediim, a process for manufacturing a recording medium 
becomes complicated, and hence the recording medium should be 
manufactured expensively. 

Japanese laid-open patent application NOo 11-154353 has 
described a method in which a transmittance value or a reflectance 
value of a recording medium substrate is used as information for 
ascertaining a true recording mediim. 
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However, in these recording mediums/ since a true recording 
medium is judged by detecting whether at least one transmittance value 
or reflectance value based on two wavelengths of a substrate of a 
recording medium is equal to a predetermined value, a third person 
who intends to forge the recording medium can easily measure the 
transmittance or the reflectance of the substrate of the recording 
medium. Therefore, it should be appreciated that serviceability and 
security function of information are not so high. 

Since the substrate is formed by injection molding while 
pigment, dye and colors are being added to a resin which is a material 
of a transparent substrate in order to enable the transmittance of 
the substrate to have a wavelength dependence, an injection molding 
apparatus will be polluted by these pigment, dye and colors. 

Japanese laid-open patent application No. 8-96362 has 
described a method in which concave and convex marks are directly formed 
on the recording medium by ultraviolet laser and these concave and 
convex marks are used as information for ascertaining a true recording 
medium. 

However, since the concave and convex marks are directly formed 
on this recording medium by so-called laser abrasion such as deformation 
and evaporation of resin material with irradiation of ultraviolet laser 
beams as changes of shapes, evaporated resins are scattered to the 
pit marks and the guide grooves on the recordingmedium. As a consequence, 
in particular, in the case of the optical recording medium in which 
information is recorded and reproduced by laser light, a bad influence 
will be exerted upon its servo signal and recording signal. 
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Moreover / according to this recordingmethod/ since the concave 
and convex marks are physically recorded on the recording medi-uiriy a 
third person who intends to forge this recording medium can physically 
duplicate/ imitate and forge the recording medium by disassembling 
and separating the recording medium and may use the resultant recording 
medium illegally. 

SUMMARY OF THE INVENTION 

In view of the aforesaid aspect^ it is an obj ect of the present 
invention to provide a recording medium^ a recording method/ a 
reproducing method and a recording and/ or reproducing apparatus in 
which inherent identification information^ whichis extremelydif f icult 
to be duplicated/ imitated and forged^ can be added to a recording 
medium or recording information when a recording medium is recorded 
and reproduced o 

Specifically/ in order to realize the above recording medium/ 
recording method/ reproducing method and recording and reproducing 
apparatus/ as a result of various experiments/ researches and 
examinations/ the assignee of the present application has found out 
realization of a recording medium/ a recording method/ a reproducing 
method and a recording and reproducing apparatus in which inherent 
identification information/ which is extremely difficult to be 
duplicated/ imitated and forged/ can be added to a recording medi"ura 
and recording information by using a change of refractive index or 
a change of extinction coefficient of a light transmission substrate 
itself of a recording medium or a change of transmittance or a change 
of reflectance or a change of refractive index or a change of extinction 
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coefficient of a light transmissionprotecting f ilmitself of a recording 
medium or a change of transmittance or a change of reflectance as 
inf orrnation^ and is intended to provide a recording medium.^ a recording 
method/ a reproducing method and a recording and reproducing apparatus . 

In a recording medium according to the present invention^ 
a light transmission recording material is constructed as a recording 
area in which information is recorded by at least one of a change of 
refractive index or a change of extinction coefficient or information 
is recorded by at least one of a change of transmittance or a change 
of reflectance. 

A recording mediurfi according to the present invention is a 
recording medium including at least a light transmission substrate 
or a light transmission protecting film and a recording area of 
information A. At least one of the light transmission substrate or 
the light transmission protecting film is forraed as a recording area 
in which informations is recorded by at least one of a change of refractive 
index or a change of extinction coefficient or information B is recorded 
by at least one of a change of transmittance or a change of reflectance . 

In a recording and reproducing method according to the present 
invention^ a recording method of recording the above information B 
on the light transmission substrate or the light transmissionprotecting 
film of the recording mediura is based on irradiation of electron beams 
or irradiation of light o In particular^ a typical method is based on 
irradiation of ultraviolet raySo 

This recording is based on a change of optical constant caused 
by irradiation of electron beams or irradiation of ultraviolet rays 
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on the light transmission substrate or the light transmission protecting 
film but is not based on the change of shapes caused by laser abrasion 
in the conventional recording on the substrate. Further ^ the above 
recording should be distinguished from the recording executed by 
occurrence of chemical change caused when dye or the like is mixed 
into materials comprising the light transmission substrate or the light 
transmission protecting film. 

In the recording and reproducing method according to the 
present invention^ according to the above reproducing method of the 
information i.e./ the method of reading out the information 
reproducing lights i.e./ ultraviolet rays are irradiated on the 
recording medium as typical reproducing light and the information B 
is reproduced as the change of the above refractive index or the change 
of the extinction coefficient or the change of the transmittance or 
the change of the reflectance by the change of passing light amount 
of this reproducing light or the change of amount of reflected light. 

Further / a recording and reproducing apparatus according to 
the present invention includes irradiating means for irradiating 
recording light or electronbeams on the above recordingmedium according 
to the present invention^ irradiating means for irradiating reproducing 
light and photo-detecting means . Informations is recorded on the light 
transmission recording material of the recording medium or the light 
transmission substrate or the light transmission protecting film 
comprising the recording mediuia by the change of optical constant with 
irradiation of recording light or with irradiation of electron beams. 
When the information is reproduced^ reproducing light is irradiated 
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and infomation is reproduced by detecting the change of amount of 
passing light or the change of amoimt of reflected light with the 
photo-detecting raeans. 

Specifically/ according to the present invention^ inherent 
identification information is recorded as added information of the 
above information B. The infomation B on the recording medium according 
to the present invention is irreversible^ stable and is not based on 
the information recording system effected by the change of shapes, 
i.e,/ physical concave and convex pits. Therefore, even when a third 
person intends to forge this recording medium by separating and 
disassembling the recording medium^ it is extremely difficult to 
duplicate recorded information to other recording medium physically. 

According to an aspect of the present invention^ there is 
provided a recording medium comprising a light transmission recording 
material y wherein the light transmission recording material includes 
a recording area in which information is recorded by at least one of 
a change of refractive index or a change of extinction coefficient o 

According to another aspect of the present invention, there 
is provided a recording medium which is comprised of at least one of 
a light transmission substrate and a light transmission protecting 
film and a recording area in which information A is recorded^ wherein 
at least one of the light transmission substrate or the light transmission 
protecting film has a recording area in which information B is recorded 
by at least either a change of refractive index or a change of extinction 
coefficient. 

Specifically, the recording medium according to the present 
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invention include a recording area in which information B containing 
inherent identification infontiation is recorded and information such 
as numeral/ character^ imageandbar code which can be visually observed 
is recorded. 

As the above information A/ there are recorded at least one 
information or more of various information such as data informationy 
address inforraationy tracking information and mark information. 

The above inherent identification information may be 
information containing at least any of management information of 
recording medium^ management information of recording information^ 
recording or/and reproducing disapproving information^ recording 
medium true and false inf ormation^ recording or/and reproducing number 
limiting information and user authentication information. 

The information B may be information containing at least any 
one or more of various inforxriation such as the above data information, 
address information and tracking^ and the above inherent identification 
information also can be recorded by a combination of information A 
and B. Further ^ the information A may contain information concerning 
recording of the information e.g. ^ information capable of detecting 
the existence of the recording of information B^ recording position^ 
reproducing power and the like. 

A recording medium according to an embodiment of the present 
invention is a recording medium using a light transmission recording 
material itself as an information recording material or many recording 
mediums including at least a light transmission substrate or a light 
transmission protecting film^ e.g^^ a CD/ a CD-R^ a DVD disc comprised 
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of an optical recording medium^ a magnetic recording mediuiriy a 
magneto-optical recordingmediutti/ adyerecordingmediura; aphase change 
recordingmediumor a credit card/ abankcard/ amoneycard; a commutation 
ticket card or the like. 

A recording medium according to the present invention is 
comprised of the above light transmission recording material itself 
in which inforraatioH/ i.e. ^ information B is recorded by at least one 
of a change of refractive index or a change of extinction coefficient 
or at least one of a change of transmittance or a change of reflectance- 

A recording medium according to the present invention can 
be constructed as a recording medi"um including a light transmission 
substrate or a light transmission protecting film^ for example^ in 
which inforxaation A is formed on the above pit mark recording area 
by very small concave and convex patterns. Alternatively^ a recording 
medium according to the present invention can be constructed as a 
recording medium in which an optical recording layer ^ a magnetic layer^ 
a magneto-optical recording layer^ a dye recording layer and a phase 
change recording layer are formed on this very small concave and convex 
pattern or the light transmission substrate in which this very small 
concave and convex pattern is not formed and in which information A 
is recorded. 

The above light transmission recording material or the light 
transmission substrate in which information^ e.g./ inforxaation B can 
be recorded by the change of refractive index or the change of extinction 
coefficient or the change of transmittance or the change of reflectance 
can be made of a resin substrate of any one of polycarbonate resin^ 



13 



polyolefin resin^ polymethyl methacrylate resin^ epoxy resin and 
acrylic resin or glass siJbstrate. The thickness of this light 
transmission substrate can be selected in a range of from about 0.3 
mm to 1.2 rnm^ for example . 

Similarly^ the light transmission protecting film in which 
information B can be recorded by the change of refractive index or 
the change of extinction coefficient or the change of transmittance 
or the change of reflectance can be made of any one of polycarbonate 
resin^ polyolefin resin^ polymethyl methacrylate resin^ epoxy resin^ 
acrylic resin^ ultraviolet-curing resin^ thermosetting resin^ 
photopolymer or sheet made of glass or coated film^ The thickness of 
this light transmission protecting filia can be selected in a range 

of from about 1 ixto to 0.3 rnm. 

lAfhen information A is recorded and reproduced by irradiation 
of light or reproducedby irradiation of lights recording and reproducing 
wavelengths of irradiated light concerning the information 
wavelengths of irradiated lights concerning the information B on the 
above light transmission recording material/ the light transmission 
substrate and the light transmission protecting film and wavelengths 
of recording/reproducing lights of the inf ormationAand the inf orraation 
B are selected to be different wavelengths or the same wavelength. 

Specifically^ when the recording area of the information A 
is the recording area in which the information A is recorded by 

irradiation of light having a wavelength Xra and the inforraation A 
is reproduced by irradiation of light having a wavelength Apa and the 



14 



light transmission substrate or the light transmission protecting film 
is the light transmission substrate or the light transmission protecting 
film in which the information B is recorded by irradiation of light 
havingawavelengthXrbandthe inf ormationB is reproducedby irradiation 
of light having a wavelength Apb/ each relationship of Xra^ Xpa^ Xrh^ 
Xph has any one of relationship or more of A.ra = Xpa^ Xra ^Xpa^ Irb 
= Xph, Xrb ^X:pb/ Xra Xrby Xra ^Xrh^ Apa = Apby Xpa ^Xph^ Xra = Xph^ 

Xra T^Xpb/ Xpa = ?irb and Xpa ^Xrh. 

When the recording area of the information A is the recording 
area in which the information A is reproduced by irradiation of light 
having a wavelength Xpa or the information A is reproduced without 
irradiation of light/ each relationship of Xpa^ Xrhy Xph has any one 
of relationship or more of Xrb ~ Xph^ Xrh ^Xph, Xpa = Xph/ Xpa ^Xph^ 
Xpa = Xrh and Xpa ^Xrb. 

The above inf ormationB is recordedby the change of multi-value 
refractive index or the change of multi-value extinction coefficient 
or the change of multi-value transmittance or the change of multi-value 
reflectance. 

The above information B can be recorded as inf orraation^ i « e , ^ 
analog inf ormationby continuous change of multi- value refractive index 
or continuous change of multi-value extinction coefficient or 
continuous change of multi-value transmittance or continuous change 
of multi-value reflectance. 

The information B recorded by the change of the multi-value 
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transmittance or the change of the multi-value reflectance or the 
information B recorded by the continuous change of the multi-value 
transmittance or the continuous change of the multi-value reflectance 
can be recorded as information containing inherent identification 
information and information such as numeral ^ character ^ image and bar 
code which can be visually observed^ 

When the inforraation Bis recorded in a multi-value recording 
fashion or in a continuous multi-value recording f ashion^ i . e ^ / in 
an analog recording fashiouy since more complex and functional 
information can be recorded/ the recording medium according to the 
present invention canbeusedas a recordingmediura suitable for recording 
security information such aSy in particular^ inherent identification 
information. 

The inherent identification information may be information 
containing at least any one of management information of recording 
medium/ management information of recording medium^ recording or/ and 
reproduction disapproving inf ormation/ recording medium true or false 
inf ormation^ recordingor/ and reproduction number limiting information 
and user authentication information. 

The information B can be recorded as information containing 
more than any one of various information such as the above data 
information^ address information and tracking information^ and the 
above inherent identification information can be recorded by a 
combinationof inforaiationAandinformationB. Further^ the information 
A can contain information concerning recording of the information 
e,g./ information capable of detecting existence of recording of 
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infomiation recording position^ reproducing power and the like^ 
The above information B is recorded by irradiation of electron 
beams or by irradiation of light , and it is desirable that irradiation 
of light should be executed by irradiation of ultraviolet rays. 

When information B is reproduced^ reproducing light is 
irradiated on the recording medium and information B is reproduced 
by a change of amount of passing light of this reproducing light or 
a change of amount of reflected light. 

When the information A and the information B are reproduced, 
after the information B has been reproduced/ the infoimiation A can 
be recorded or/ and reproduced based on this reproduced information^ 
for example o 

A recording and reproducing apparatus according to the present 
invention includes a light source section for irradiating at least 
one of a light transmission siobstrate or a light transmission protecting 
film of a recording medium with recording light based on ultraviolet 
light with a pattern corresponding to information B. By recording light 
from this light source section^ information B is recorded as a change 
of refractive index or a change of extinction coefficient or a change 
of transmittance or a change of reflectance relative to the light 
transmission substrate and the light transmission protecting film. 

This light source section may include a ultraviolet ray 
light-emitting laser or a ultraviolet ray light-emitting lamp. 

Further^ the light source section may include a ultraviolet 
ray light-emitting lamp and a photo-mask with a pattern corresponding 
to information B. 
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Furthermore y information B can be recorded in a itiulti- value 
recording fashion and in a continuous raulti-value recording fashion. 

A recording and reproducing apparatus according to the present 
invention may include a light source section for irradiating the 
inventive recording medium with reproducing light and a photo-detecting 
means for detecting a change of passing light amount of reproducing 
light passed through the light transmission siibstrate or the light 
transmission protecting film of the recording medium or a change of 
reflected light amount. 

This reproducing light may have a wavelength longer than 200 
nm and shorter than 500 nm^ for example. 

The photo-detecting means can be comprised of a solid-state 
imaging device/ e.g.^ a CCD (charge-coupled device) caiaera or a CMOS 
(complementary metal-oxide semiconductor) camera or a photodetector 
such as a silicon photodiode. 

Further^ the recording and reproducing apparatus according 
to the present invention may include an objective lens. This objective 
lens may focus ultraviolet ray laser light from the light source section 
on the above inventive recording medium to obtain focusing and tracking 
servo signals. 

Furthermore/ the recording and reproducing apparatus 
according to the present invention may include a light source section 
for generating recording and reproducing light of infonaation A and 
a light source section for generating recording and reproducing light 
of inforraation B so that the recording and reproducing light of 
information A and the recording and reproducing light of information 
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B may have different wavelengths or the same wavelength. 

Specifically^ as mentioned before^ when the recording area 
of information A is the recording area in which information A is recorded 
by irradiation of light having a wavelength X,ra and information A is 

reproduced by irradiation of light having a wavelength Xpa and the 
light transmission substrate or the light transmission protecting film 
is the light transmission substrate or the light transmission protecting 
film in which information B is recorded by irradiation of light having 
a wavelength Xfb and information B is reproduced by irradiation of 
light having a wavelength Xph^ relationships of the respective 

wavelengths Xra^ Apa^ Xrh^ Apb of the respective recording and 
reproducing light source sections can be selected to be any one of 
more of Xra ^ Xpa^ Ira ^Xpa.f Xrb = Xph^ Xrh ^Xph^ Xra = Xrh^ Xra ^Xrb^ 

Xpa ^ Xph, Xpa ;^Xpb^ Xxa ^ Xpb, Xra ;^Xpb/ Xpa = Xrb/ Xpa ^Xrh. 

When the recording area of information A is the recording 
area in which information A is reproduced by irradiation of light having 
a wavelength Xpa or information A is reproduced without irradiation 
of light/ Xpa, Xrb^ Xpb may contain any one of more of relationships 
of Xrb ^ Xpby Xrb ^Xpb^ Xpa = Xpb^ Xpa ^Xpb^ Xpa Xrb^ Xpa ^Xrh. 

When the recording area of information A is a recording area 
in which inforraation A is recorded by irradiation of light having a 
wavelength Xra and information A is reproduced by irradiation of light 
having a wavelength Xpa and the light transmission substrate or the 
light transmission protecting film is a light transmission substrate 
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or a light transmissionprotecting film in which inf ormationB is recorded 
by irradiation of light having a wavelength %rh and information B is 
reproduced by irradiation of light having a wavelength Xpb^ it is 
desirable that transmittance of the light transmission siobstrate or 
the light transmission protecting film relative to light having a 
recording wavelength Xpa of inf omation A and light having a reproducing 
wavelength Xpa of information A should be higher than 50%. 

The reason for this will be described below. That iS/ when 
information A is recorded or reproduced by irradiation of lights light 
irradiation energy can be supplied to the inf ormation A efficiently. 
When transmittance becomes less than 50%^ the light irradiation light 
source needs large power. Therefore^ when a semiconductor laser^ for 
example^ is used as a light source^ a making current increases so that 
a lifetime of semiconductor is shortened inevitably. 

Similarly^ when the recording area of information A is a 
recording area in which information A is recorded by irradiation of 

light having a wavelength Xra and information A is reproduced by 
irradiation of light having a wavelength Apa and the light transmission 
substrate or the light transmission protecting film is a light 
transmission si±)strate or a light transmissionprotecting film in which 
information B is recorded by irradiation of light having a wavelength 

Xrh and information B is reproduced by irradiation of light having 
a wavelength Xpby it is desirable that transmittance of the light 
transmission substrate or the light transmission protecting film 
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relative to light having a recording wavelength Xrb of information 
B is selected to be under 50%. 

The reason for this will be described below. That is, when 
information B is recorded^ if transraittance is selected to be higher 
than 50%^ then since transitiittance of recording light is large and 
energy is absorbed inefficiently/ recording efficiency is lowered and 
the light irradiation light source needs large power. Therefore^ when 
a semiconductor laser, for example/ is used as a light source, a making 
current increases so that a lifetime of semiconductor is shortened 
inevitably o 

Furthermore, when the recording area of information A is a 
recording area in which information A is recorded by irradiation of 
light having a wavelength A,ra and information A is reproduced by 
irradiation of light having a wavelength Xpa and the light transmission 
substrate or the light transmission protecting film is a light 
transmission substrate or a light transmission protecting film in which 
information B is recorded by irradiation of light having a wavelength 
Xrh and information B is reproduced by light having a wavelength Apb, 
it is desirable that transmittance of the light transmission substrate 
or the light transmission protecting film relative to light having 
a reproducing wavelength Xph of information B is selected to be above 
50%. 

The reason for this will be described below. When transmittance 
is less than 50%, a loss of reproducing light increases . As a consequence/ 
in order to obtain a high S/N (signal-to-noise ratio) or a high C/N 
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(carrier-to-noise ratio) ^ and the light irradiation light source needs 
large power. Therefore^ when a semiconductor laser^ for example^ is 
used as a light source/ a making current increases so that a lifetime 
of semiconductor is shortened inevitably. 

BRIEF DESCRIPTION OF THE DRMflNGS 

FIG. 1 is a schematic cross-sectional view showing an example 
of a recording mediura according to the present invention; 

FIG. 2 is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 3Ais a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 3B is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIGo 4Ais a schematic cross-^sectional view showing an example 
of a recording mediura according to the present invention; 

FIG. 4B is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 5A is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 5B is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 6 is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 7 is a schematic cross-sectional view showing an example 
of a recording medium according to the present invention; 

FIG. 8 is a schematic perspective view showing an example 
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of a recording medium according to the present invention; 

FIG. 9 is a schematic perspective view showing an example 
of a recording mediura according to the present invention; 

FIG. 10 is a schematic perspective view to which reference 
will be made in explaining the manner in which information is recorded 
ona recordingmedium according to an embodiment of the pre sent invention; 

FIG. 11 is a schematic perspective view to which reference 
will be made in explaining the manner in which information is recorded 
on a recordingmediumaccording to an embodiment of the present invention; 

FIG. 12A is a schematic perspective view to which reference 
will be made in explaining the manner in which information is reproduced 
from a recording mediiira according to an embodiment of the present 
invention: 

FIG. 12B is a diagram to which reference will be made in 
explaining a detected amount of reflected light; 

FIG. 13A is a schematic perspective view to which reference 
will be made in explaining the manner in which information is reproduced 
from a recording medium according to an embodiment of the present 
invention; 

FIG. 13B is a diagram to which reference will be made in 
explaining a detected amount of reflected light; 

FIG. 14 is a block diagram showing an example of an inforraation 
recording apparatus according to the present invention; 

FIG . 15 is a block diagram showing an example of an information 
reproducing apparatus according to the present invention; 

FIG. 16 is a block diagram showing an example of an information 
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reproducing apparatus according to the present invention; 

FIGSo 17A to 17E are diagrams to which reference will be made 
in explaining recorded information and the manner in which signals 
are detected according to the present invention^ respectively; 

FIG. 18 is a top viewof a recordingmedium and to which reference 
will be made in explaining the position at which information B is stored 
in a recording medium according to the present invention; 

FIG. 19 is a diagram showing measured results of wavelength 
dependence of transmittance obtained before and after recordingmedium 
samples are irradiate with ultraviolet rays; 

FIG. 20 is a diagram showing measured results of wavelength 
dependence of refractive index obtained before and after recording 
medium samples are irradiated with ultraviolet rays; 

FIG. 21 is a diagrara showing measured results of wavelength 
dependence of extinction coefficient obtained before and after 
recording medium sairples are irradiated with ultraviolet rays; 

FIGS. 22A and 22B are diagrams showing the states of recorded 
information obtained when ultraviolet rays are irradiated on the light 
transmission substrate or when ultraviolet rays are not irradiated 
on the light transmission substrate^ respectively; 

FIG. 23 is a block diagram showing an example of a reproducing 
apparatus according to the present invention; 

FIG. 24 is a diagram showing a reproduced signal obtained 
when an amount of reflected light obtained from a recording medium 
is detected according to the present invention; 

FIG. 25 is a diagram showing a reproduced signal obtained 
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when an amount of reflected light obtained from a recording medium 
is detected according to the present invention; 

FIG, 26 is a diagram showing a reproduced signal obtained 
when an amount of reflected light obtained from a recording medium 
is detected according to the present invention; 

FIG. 27 is a diagram showing a reproduced signal obtained 
when an amount of reflected light obtained from a recording mediimi 
is detected according to the present invention; 

FIG. 28 is a diagram showing a reproduced signal obtained 
when an amount of reflected light obtained from a recording medium 
is detected according to the present invention; 

FIG. 29 is a diagram showing measured results of recording 
length dependence of information B relative to the change of an amount 
of reflected light according to the present invention; 

FIG. 30A is a diagram showing a reproduced signal of recording 
mark trains obtained when a recording medium is reproduced in a first 
r epr oduc t ion ; 

FIG. SOB is a diagram showing a reproduced signal of recording 
mark trains obtained when a recording medium is reproduced in a hundred 
thousandth reproduction; 

FIG. 31 is a diagram showing reflected light amount amplitude 
and the number of tiraes of reproduction of a recording medium according 
to the present invention; 

FIGS. 32A to 32C are diagrams showing reproduced signals 
obtained by reflected light of a recording medium according to the 
present invention^ respectively; 
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FIG. 33 is a diagram showing a wavelength dependence of 
transmittance measured in accordance with ultraviolet ray irradiation 
time; 

FIG. 34 is adiagramtowhich reference willbe made in explaining 
information multi-value recording based on changed amount of 
transmittance ; 

FIG. 35 is a perspective view showing multi-value recording 
state of information based on changed amount of transmittance; 

FI G . 3 6 i s a di agr am t o whi ch r e f er ence wi 1 1 be made inexplaining 
multi-value recording state of information based on changed amount 
of transmittance; 

FIG. 37 is a diagram showing a wavelength dependence of 
transmittance measured after ultraviolet rays had been irradiated on 
the recording medium; 

FIG. 38 is a diagram to which refer ence will be made inexplaining 
reproducing methods with a plurality of wavelengths using a wavelength 
dependence of transmittance; 

FIG. 39 is a perspective view to which reference will be made 
in explaining reproducing methods with a plurality of wavelengths using 
a wavelength dependence of transmittance; 

FIGS. 40A and 40B are diagrams to which reference will be 
made in explaining reproducing methods with a plurality of wavelengths 
using a wavelength dependence of transmittance/ respectively; 

FIGS. 41A and 41B are diagrams to which reference will be 
roade in explaining reproducing methods with a plurality of wavelengths 
using a wavelength dependence of transmittance^ respectively; 
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FIGo 42 is a schematic diagram to which reference will be 
made in explaining reproducing methods with a plurality of wavelengths 
using a wavelength dependence of transmittance; 

FIG. 43 is a schematic diagram to which reference will be 
made in explaining a method of reproducing information by using 
reproducing light having a plurality of wavelengths; 

FIG. 44 is a schematic diagram to which reference will be 
made in explaining a method of reproducing information by using 
reproducing light having a plurality of wavelengths; 

FIGo 45 is a diagram showing a wavelength dependence of 
transmittance obtained before and after irradiation of ultraviolet 
rays; 

FIG. 46 is a diagram showing a wavelength dependence of 
refractive index obtained before and after irradiation of ultraviolet 
rays ; and 

FIG. 47 is a diagram showing a wavelength dependence of 
extinction coefficient obtained before and after irradiation of 
ultraviolet rays. 

DESCRIPTION OF THE PREFERE^D EMBODIMENTS 

The present invention will now be described with reference 
to the accompanying drawings o 

FIG. 1 is a schematic cross-sectional view showing a ROM 
(read-only memory) type recordingmedium^ e.g. / ROM disk. In this example ^ 
as shown in FIG. 1^ a light transmission substrate 1 made of a 
polycarbonate (PC) substrate having a recording area 3 of information 
A formed by very small concavities and convexities such as recording 
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pits and recording grooves of information A is formed by injection 
molding. A reflecting film 4 is formed on the surface in which very 
small concavities and convexities of the substrate 1 comprising the 
recording area 3 of the inforraation A;, i.e./ the recording area of 
the information A is forraed. A light transmission protecting film 2 
is formed on this reflecting film 4. 

When information A is read out from this recording medium 
M at its recording area 3 of the information A/ laser light L from 
the light transmission substrate 1 side is focused on the recording 
area 3 by an objective lens 5 and information is read out by detecting 
changes of amounts of reflected light generated due to interference 
on very sxaall concavities and convexities. 

Alternatively^ as shown by dots-and-dash lines in FIG. 1^ 
laser light L is focused on the recording area 3 from the light 
transmission protecting film 2 aide by the objective lens 5 and 
information is read out by detecting changes of amounts of reflected 
light generated due to interference on very small concavities and 
convexities. When information is read out by the irradiation of laser 
beams from the light transmission protecting film 2 side^ the light 
transmission protecting film 2 has a sufficiently thin thickness as 
compared with the light transmission sii^strate 1 so that the objective 
lens 5 and the recording area 3 are located close to each other. As 
a result/ the numerical aperture of the objective lens can be increased 
and the diameter of the beam spot can be reduced^ whereby a recording 
density can be improved. 

FIG. 2 is a schematic cross-sectional view of a recording 
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medium M. As shown in FIGo 2j in this recording medium a material 
layer 6 made of ultraviolet-curing resin^ for example^ is formed on 
the light transmission siibstrate 1 and a recording area 3 having 
infoimationAbasedon very small concavities and convexities is formed 
on the material layer 6 by a 2P method (photopolymerization method) . 

Also in this case^ a reflecting film 4 is formed on the light 
transmission substrate 1 at its surface in which very small concavities 
and convexities are formed^ i . e . ^ at its surface in which the recording 
area of the information A is formed. A light transmission protecting 
film 2 is formed on the reflecting film 4. 

When the information A is read out from the recording medium 
M shown in FIG. 2 at its recording area 3^ laser light L from the light 
transmission substrate 1 side^ for example;- is focused on the recording 
area 3 by the objective lens 5 and information is read out by detecting 
changes of amounts of reflected light due to interference generated 
by very small concavities and convexities. 

Alternatively^ as shown by dot-and--dash lines in FIG, 2/ laser 
light L is focused on the recording area 3 from the light transmission 
protecting film 2 side by the objective lens 5 and information is read 
out by detecting changes of amounts of reflected light generated due 
to interference on very small concavities and convexities. 

FIG. 3A is a schematic cross-sectional view of a recording 
medium. As shown in FIG. 3A^ a rewritable recording layer or a write 
once recording layer such as the aforementioned magneto-optical 
recording layer^ the dye recording layer and the phase change recording 
layer comprising the recording area 3 of the information A is formed 
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on the light transmission substrate lo A protecting film 12 is formed 
on the surface of such recording layer o 

The recording layer comprising this recording area 3 is not 
limited to a single layer structure and may be formed as a laminated 
structure of material layers of multilayers. In order to improve 
recording and reproducing characteristics of these recording layers ^ 
there can be used a laminated structure in which a material layer of 
a dielectric film such as SiN^ AlNy ZnS-Si02 and SiC^ a metal film such 
as aluminum^ gold/ silver^ copper and silicon is formed as a light 
interference layer and a material layer of a dielectric film such as 
SiN^ AlNy ZnS-Si02/ SiC and a metal film such as aluminum^ gold/ silver^ 
coppery platinum and silicon is fomed as a heat control layer. 

These recording layer and material layer can be formed by 
a film forming apparatus such as a sputtering apparatus ^ an evaporating 
apparatus and a coating apparatus. 

The reflecting film 4 having a proper reflectance is formed 
by depositing aluminum^ gold,- silver^ copper^ platinum and an alloy 
of these metals. 

The information A is recorded on and reproduced from the 
recording mediuiti shown in FIG. 3 by focusing laser light L/ for example / 
from the light transmission substrate 1 side by the objective lens 
5. 

FIG. 4A is a schematic cross-sectional view showing an 
arrangementof arecordingmediumM.TVs showninFIG. 4Ay in this recording 
medium a reflecting film 4 is formed on a substrate 11 which is 
not limited to a light transmission substrate ^ A rewritable recording 
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layer such as the aforementioned raagneto-optical recording layer^ the 
dye recording layer and the phase change recording layer comprising 
the recording area 3 of the information A that had been described with 
reference to FIG. 3/ for example^ or a write once recording layer is 
formed on the reflecting layer 4. Then^ in this case/ a light transmission 
protecting film 2 is formed on the surface of the recording layer. 

The information A is recorded on and reproduced from this 
recording medium MK by focusing laser light L/ for example/ from the 
light transmission protecting film 2 side by an objective lens 5. 

As shown in FIGS. 3B and 4B^ grooves for tracking servo may 
be formed on the light transraission substrate 1 or on the light 
transmission protecting film 2 side as shown in FIG. 2. 

In FIGS. 3B and 4B^ elements and parts identical to those 
of FIGS . 3A and 4A are marked with the identical reference nuraerals 
and therefore need not be described. 

FIGo 5A is a schematic cross-sectional view of a recording 
mediumM. As shown in FIG- 5A/ this recording medium M has an arrangement 
in which two recording areas 3 in which information A can be recorded 
are formed on both surfaces. In this case, recording layers comprising 
the recording area 3 similar to those of FIGS . 4Aand4Bcanbe respectively 
formed onboth opposingmajor surfaces of a light transmission substrate 
1* Alternatively/ as shown in a schematic cross-sectional view of FIG. 
5B/ recording layers and the like comprising the recording area 3 may 
be formed on one surface of two light transmission substrates 1 or 
sheet-like light transmission protecting films and attached together 
by an attachment layer AD such as a ultraviolet-curing resin or a 
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thermosetting resin. Then^ information A can be recorded on and 
reproduced from both surfaces of this recording medium M by focusing 
laser light L/ for example/ through an objective lens 5. 

In FIGS. 5A and 5B^ elements and parts identical to those 
of FIGS. 4A and 4B are marked with the identical reference numerals 
and therefore need not be described. 

The recording medium M according to the present invention 
is not limited to the recording medium in which the information A is 
reproduced or recorded and reproduced optically. FIG. 6 is a schematic 
cross-sectional view of a recording medium for example. As shown 
in FIG. 6/ this recording mediumM has an arrangement in which a recording 
area 3 forraed of a magnetic layer in which information A is recorded 
and reproduced may be formed on a light transmission substrate 1. 

Alternatively^ FIG. 7 is a schematic cross-sectional view 
of a recording mediumM. As shown in FIG. 7^ a recording area 3 made 
of a raagnetic layer to record and reproduce information A can be formed 
on a substrate 11 which is not limited to a light transmission substrate^ 
for example/ and a light transmission protecting film 2 can be formed 
on the recording area 3. 

The recording mediimsM shown in FIGS . 6 and 7 can be constructed 
as a so-called hard disk. 

Information A can be recorded on and reproduced from the 
recording areas 3 of these recording mediuras M when a magnetic head 
21 traces the recording areas 3 formed of the magnetic layer as shown 
in FIGS. 8 and 9^ respectively. This magnetic head 21 can be comprised 
of a flying type magnetic heady for example - Specifically/ this magnetic 
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head 21 includes a slider and this slider is floatedbyair flow generated 
by rotation of the recording medimiM, i . e . ^ disk, whereby a head element 
disposed on this slider scans the recording area 4 in an annular fashion 
or a spiral fashion through so-called air-bearing relative to the 
magnetic layer, i.e., the recording area 3. As a result, information 
A can be recorded and information A can be reproduced along this scanning 
locus . 

The light transmission protecting film 2 in the above 
respective recording mediums M may be comprised of the sheets of the 
aforementioned respective materials or coated films o 

The manner in which information is recorded on recording 
mediums according to the present invention will be described next. 

Information A can be recorded on the respective recording 
mediums M shown in FIGS. 1 to 7 by an ordinary method. 

Specifically, in the arrangements of FIGS. 1 and 2, in the 
manufacturing process of a stamper used when very small concavities 
and convexities forming the recording area 3 are formed by injection 
molding, for example, or 2P method, i.e., in the mastering process, 
concave and convex patterns are formed as patterns corresponding to 
the information A. 

When information A is recorded on the recording mediums M 
shown in FIGS. 3 to 5, a light or heat pattern is applied to the recording 
layer in response to the recording inf orxaation A so that information 
A is recorded on the recording medium A by the change of shape, the 
chemical reaction, the change of crystal to amorphous substance, the 
change of magnetization direction and the like. 



33 



Further, information A is recorded on the recording mediums 
M shown in FIGS. 6 and 7 by the change of magnetization direction with 
the aforementioned magnetic head 21. 

The aforementioned infomationB shouldpref erablybe recorded 
on the light transmission substrate 1 and the light transmission 
protecting film 2 of the above respective recording mediims M by the 
irradiation of ultraviolet rays. The reason for this is that most of 
substance can absorb light well in the wavelengths of ultraviolet ray 
region so that the light transmission substrate 1 and the light 
transmission protecting film 2 can be changed chemically and physically 
independently of the materials comprising the target light transmission 
substrate 1 and light transmission protecting film 2 without causing 
the mechanical change. 

The recording based on the irradiation of ultraviolet rays 
canbecarriedoutbymodulationof anyone of irradiation time, intensity, 
irradiation area or both of them. 

Information B can be recorded on the light transmission 
substrate 1 and the light transmission protecting film 2 in response 
to the arrangement of the recording medium M imder the condition that 
the recording medium M is completed before or after information A is 
recorded. In addition, under the condition that the recording medium 
M is half completed or under the condition that the respective material 
layers for the light transmission substrate 1 and the light transmission 
protecting film 2 are not yet formed, information B can be recorded. 

When this information B is recorded, as shown in FIG. 10, 
for example, under the condition that the recordingmediumM, for example. 
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is rotated/ spots of ultraviolet laser LR are irradiated on the recording 
mediuiriM with patterns corresponding to recording information, whereby 
a recording portion 20 of information B is formed based on the change 
of refractive index or the change of extinction coefficient or the 
change of transmittance or the change of reflectance. According to 
this method, the recording pattern 20 become arcuate. At that time^ 
the incident surface of the ultraviolet laser LR can be formed on the 
light transmission siibstrate side or on the opposite side in which 
the recording layer is formed o 

This information B can be recorded by using a ultraviolet 
lamp. In this case, as shown in FIG. 11, for example, a photo-mask 
22 having mask effects relative to ultraviolet rays and which has a 
transmission pattern 23 for passing ultraviolet rays corresponding 
to the pattern of recorded information B is located adjacent to or 
in an opposing relation to the recording area side of the information 
A, i.e./ the surface side in which the recording layer is formed or 
the opposite light transmission substrate 1 or the opposite light 
transmission protecting film 2 side. Then, a recording portion 20 of 
information B shown in FIG. 13, for example^ is formed by irradiating 
ultraviolet rays from the ultraviolet lamp 24 through this photo-mask 
22. 

If there are prepared a plurality of kinds of photo-masks 
22 or a plurality of photo-masks 22 and they are combined, then 
information B of various patterns can be recorded. 

The above recording portion 20 of the information B can be 
formed/ as mentioned before, under the condition that the recording 
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layer comprising the recording area 3 of the information A and the 
like are not forraedo In this case^ the recording layer and the like 
are deposited after the recording portion 20 had been formed. 

Further^ the information B can be recorded in a multilevel 
recording fashion. In this multilevel recording^ more than one of 
ultraviolet ray irradiation time , irradiation intensity and irradiation 
amount of light are changed in response to recording information^ whereby 
recording in which the changed amount of refractive index or the changed 
amount of extinction coefficient are different or in which the changed 
amount of light transmittance of the changed amouat of reflectance 
are different can be carried out. Then^ this changed amount can be 
changed in a stepwise f ashion^ i o e . ^ in a digital fashion or this changed 
amount can be changed continuously^ i . e . ^ in an analog fashion^ thereby 
making it possible to carry out continuous multilevel recording. 

Next/ a reproducing method will be described. 

When the information A is reproduced from the recording area 
3 of each recording medium M with irradiation of lights e.g.y with 
irradiation of laser light similarly to the ordinary fashion or based 
on the magnetic recording layer shown in FIGS. 6 and 1 , the information 
A can be reproduced from the recording area 3 by a magnetic head. 

lAOrien this information B is read out from the recording medium 
M, i.e./ the recording portion 20 is reproduced^ as shown in FIG. 12A 
or FIG. 13A, for exaraple/ while the recording medium for example, 
is being rotated^ the light transmission substrate 1 or the light 
transmission protecting film 2 is scanned by spot of reproducing light 
L and reflected lights for example, of reproducing light L from the 
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recording portion 20 of the information B recorded as a change of 
refractive index or a change of extinction coefficient or a change 
of transmittance or a change of reflectance of the light transmission 
siabstrate 1 or the light transmission protecting film 2 is detected 
so that the inf ormationBcanbe detected^ i.e./ rep reduced with detection 
light amounts shown in FIGSo 12B and 13B. 

Further^ when the information B recorded stepwise or 
continuously in a multi-value recording fashion is reproduced/ 
reflected light/ for example^ of reproduced light L from the recording 
portion 20 of information recorded as a change of refractive index 
or a change of extinction coefficient or a change of transmittance 
or a change of reflectance is detected so that the information B can 
be similarly detected/ i^e,/ reproduced by the change of detection 
light amount. 

Next/ a recording apparatus and a reproducing apparatus will 
be described. 

FIG. 14 is a schematic block diagram showing an example of 
a recording apparatus o 

In this example/ the information B is recorded on the light 
transmission substrate 1 or the light transmission protecting film 
2 of the recording medium M by the optical recording method. 

The information A and the information B can be recorded on 
the recording mediura M at overlapping positions along the thickness 
direction or the inforraation B/ for example/ can be recorded at a 
specified position such as the inner peripheral side or the outer 
peripheral side from the recording area range of the information A. 
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Alternatively^ when grooves of very small concavities and convexities 
are formed on the light transmission substrate 1 or the light transmission 
protecting film 2^ the information A can be recorded on one of the 
grooves and the land portion and the information B can be recorded 
on the other. 

In this example^ the recording medium M is the disk-like 
recording medium and is rotated by a motor 30. 

Alight irradiating means / i.e. / optical pickup 31 is provided 
relative to this recording mediuxti M. 

Although not shown^ this optical pickup 31 has a fundaraental 
arrangement corresponding to an optical pickup 31 in an ordinary optical 
recording medium. In this case^ this optical pickup comprises a light 
source section for generating recording light/ e.g./ light source 
section having a ultraviolet laser ^ the aforementioned objective lens 
5 disposed on an actuator for adjusting focusing and adjusting tracking^ 
various lenses for forming optical path/ a beam splitter^ an optical 
system such as a reflecting mirror/ a detecting section for detecting 
a focusing error and a tracking error/ a photo-detecting means for 
detecting returned light (reflected light) from the recording medium 
M and converting the detected light into an electrical signal/ e.g./ 
photodetector such as a photodiode. 

As mentioned before/ when ultraviolet rays are used as 
recording light of the light source section/ recording light can be 
irradiated on smaller areas at high energy density with higher accuracy o 

As this ultraviolet laser/ there can be used a YAG (yttrium 
aluminum garnet) laser and a laser based on a nonlinear optical crystal 
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capable of generating ultraviolet ray laser beams having a wavelength 
of 266 nm by effectively utilizing wavelength conversion. The present 
invention is not limited to the above lasers and various types of lasers 
can be applied to the present invention so long as lasers are able 
to generate ultraviolet ray light. 

As shown in FIG. 14/ in this recording apparatus^ there is 
provided a central control circuit 32. 

Recorded information B is inputted to an input apparatus 33/ 
encrypted by an encrypting circuit 34 and then encoded by an encoding 
circuit 35. The signal thus encoded is inputted to the central control 
circuit 32 . 

In order to record the inputted inforroation on the inventive 
recording medium the central control circuit 32 controls a motor 
driving circuit 36 of a rotary motor 30 of the recording medium KM 
and a laser driving circuit 37 for driving the ultraviolet ray laser 
of the optical pickup 31. 

Simultaneouslyy this central control circuit 32 monitors and 
controls a monitor signal from a light amoimt monitor 38 in order to 
monitorwhether ornot information is recordedproperly andalsomonitors 
and controls servo signals from a focus and tracking monitor 39 in 
order to monitor whether or not information is recorded at a target 
position. 

The inputted information introduced from the encoding circuit 
35 into the central control circuit 32 is converted by the laser driving 
circuit 37 into laser beams of the light source section of the optical 
pickup 31/ in this example^ ultraviolet ray laser light and thereby 
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recorded on the inventive recording medium M. 

An emission intensity of laser light and an emission time 
obtained at that time are monitored by the light amount monitor 38 
and their information are fed back to the central control circuit 32 . 
The position at which the recorded information is recorded on the 
recording medium M is controlled by servo signals obtained during 
focusing and tracking. It is confirmed by an information detecting 
circuit 40 whether or not the recorded information is correct. 

In this manner, the information B is sequentially recorded 
at predetermined positions. 

Then^ when the information B is recorded by the optical pickup 
31, the information B can be recorded in a stepwise fashion or in a 
continuous multi-value recording fashion by changing the irradiation 
time, the light amount, the irradiation intensity of ultraviolet rays 
and the like in response to the inputted information B. 

While information is recorded by laser bearas from the 
ultraviolet ray laser as described above, as described with reference 
to FIG. 13, according to the method of recording information B by an 
ultraviolet lamp, the light source section of the optical pickup includes 
the ultraviolet ray larap and information is recorded with a predetermined 
pattern on a large area at uniform energy density by irradiation of 
ultraviolet rays generated from the ultraviolet lamp through the 
aforementioned photo-mask 22. 

As the ultraviolet lamp, there can be used various ultraviolet 
lamps such as a low pressure mercury lamp, a high pressure mercury 
lamp, an extra-high pressure mercury lamp and a xenon lamp capable 
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of generating ultraviolet rays^ 

When a wavelength of light emitted from a ultraviolet lamp^ 
in particular / or a ultraviolet laser is shorty in order to prevent 
air from absorbing ultraviolet rays so that ultraviolet rays can be 
irradiated on a recording medium at high efficiency/ laser light can 
be generated from the ultraviolet laser in the atmosphere in which 
ultraviolet rays are less absorbed^ e.g^ / in the atmosphere of nitrogen 
and the like. 

As the recording method and the recording apparatus for 
recording the information there can be used ordinary recording method 
and recording apparatus . Part of or whole of the above recording apparatus 
of the information B can be used commonly by the recording method and 
the recording apparatus of the information A. 

FIG. 15 is a schematic block diagram showing an exaraple of 
a reproducing apparatus according to the present invention. 

In FIG. 15^ elements and parts identical to those of FIGo 
14 are marked with the identical reference numerals. 

First/ the information B recorded on the recording medium 
M is reproduced. 

The central control circuit 32 controls the motor driving 
circuit 36 of the rotary motor 30 for rotating the recording medium 
M and the laser driving circuit 38 for driving the light source section 
of the optical pickup 31 of the photo-detecting means so that the above 
light source section of the optical pickup 31 may generate reproducing 
laser light. 

At the same time, this central control circuit 32 monitors 
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the signal frora the light amount monitor 38 which monitors whether 
information is being reproduced properly by the optical pickup 31 for 
recording and reproducing the recording medium the servo signal 
from the focusing and tracking monitor 39 which monitors whether 
information is reproduced from the target position and a signal 
reproduced from the recording medium M by the optical pickup 31 and 
controls these signals. An emission intensity and an emission time 
of laser light obtained at that tirae are monitored by the light amount 
monitor 38 and their information are fed back to and managed by the 
central control circuit 32 . The position of target information on the 
recording medium M is controlled by a servo signal obtained from the 
focusing and tracking monitor 39 ^ 

The change of transmittance or the change of reflectance 
obtained from the optical pickup 31 is detected by the photodetector 
of the optical pickup 31 as the change of light aiaoimt of passed light 
of reproduced light or the change of light amount of reflected light 
and converted into an electrical signals The reproduced signal is 
introduced into an information detecting circuit 40^ decoded by a 
decoding circuit 41, decrypted by a decrypting circuit 42 and then 
inputted to the central control circuit 32. It is deterrained by the 
central control circuit 32 whether or not the information thus obtained 
isproper information. If it is determined by the central control circuit 
32 that this information is the proper information^ then 
the information A can be read out from the recording medium M by the 
optical pickup 31 and reproduced as an output signal 43. 

Ordinary reproducing method and reproducing apparatus can 
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be used as reproducing method and reproducing apparatus of the 
information A and part of or whole of the reproducing apparatus of 
the above information B can be used coinmonly. 

FIG. 16 is a schematic block diagram showing an example of 
a reproducing apparatus used when the recording medium M in which the 
recording area 3 of the information A shown in FIGS . 6 and 7 is comprised 
of a magnetic layer is used. 

In FIG. 16^ elements and parts identical to those of FIGS. 
14 and 15 are marked with the identical reference numerals and therefore 
neednot be described o In this case^ there are provided the aforementioned 
magnetic recording and reproducing head 21 concerning the information 
A and the optical pickup 31 concerning the information B. 

In this recording and reproducing apparatus y the information 
B is reproduced by a method similar to that of FIG. 15. If it is determined 
by this reproduction that the recording medium M is a proper recording 
medium^ then the central control circuit 32 supplies a control signal 
to the magnetic recording and reproducing head 21 such that it may 
record and reproduce information on the magnetic recording medium o 
As a result/ a magnetic recording signal based on information A is 
reproduced from the magnetic recording medium by the magnetic recording 
and reproducing head 2 1 and information A is detected from the reproduced 
magnetic recording signal by the information detecting circuit 44. 
A detected signal is switched by a information switching circuit 45 
and introduced into the decoding circuit 39. Then^ the decoded signal 
from the decoding circuit 41 is decrypted by the decrypting circuit 
42 and inputted to the central control circuit 32^ from which there 
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can be obtained the output signal 43. 

When the recorded information B is the aforementioned 
multi-value recording information, stepwise or continuous multi-value 
output signal can be obtained as the output signal 43. 

While the recording apparatus and the reproducing apparatus 
are respectively illustrated in the apparatus shown in FIGS. 14 to 
16 by way of example, a recording and reproducing apparatus can be 
constructed by an arrangement having these functions. 

In the arrangeraents shown in FIGS. 15 and 16, for example, 
there are provided the input circuit systera of the input inforraation 
shown in FIG. 14, i.e., the input apparatus 33, the encrypting circuit 
34 and the encoding circuit 35. Moreover, the optical pickup 31 and 
the magnetic head 21 are provided with both of recording and reproducing 
functions . 

In the above respective apparatus, the signal of the 
information B can be detected as a binary signal by a binarization 
processing, for example, which will be described below with reference 
to FIGS, 17A to 17E. 

As shown in FIG. 17A, for example, in the recording medium 
M in which the aforementioned recording layer 3 of various types is 
recorded on the light transmission substrate 1 or the light transmission 
protecting film 2 as the recording area 3 and the reflecting film 4 
is formed on the recording layer 3, when the reproduced signal of the 
information A is a signal Sa of levels To to Ti as shown in FIG. 17B, 
a recording potion 20 of inf ormationB is formed on the light transmission 
substrate 1 or the light transmission protecting film 2 of the recording 
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medium M. A signal from this recording portion 20 Is obtained as a 
signal Sb having level T2 as shown in FIG. 17D. Accordingly, when this 
signal is binarlzed based on the slice level of level Ts / shown by 
a dot-and-dash line in FIGS. 17B and 17D, between levels Ti and T2/ 
there can be detected information B as shown in FIG. 17E. 

Although the information A and the information B can be recorded 
on the recording mediura M at positions in which they are overlapping 
with each other in response to their recording and reproducing methods , 
when Information is recorded with Irradiation of ultraviolet rays having 
the same wavelength^ for example^ the Information B is recorded on 
the recording medium M at position in which it may not overlap with 
the information A. For exaxaple^ as shown in a plan view of FIG. 18^ 
in the disk-like recording medlimi the recording portion 20 of the 
information A is formed in an inner peripheral area 51 or an outer 
peripheral area 52 except a recording range 50 in which the information 
A is formed. 

Alternatively^ as mentioned before^ the inforraation A can 
be recorded on one of the land and groove and the information B can 
be recorded on the other. 

The recording wavelength Xra and the reproducing wavelength 
Xpa of the Information A should preferably be realized by a light source 
section having wavelengths in the visible light region. When this light 
source section is comprised of a semiconductor laser and the like^ 
the recording and reproducing apparatus can be made compact in size^ 

The recording wavelength Xra and the reproducing wavelength 
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A,pa of the information A can be realized by an infrared semiconductor 
laser having a wavelength 830 nm, red semiconductor lasers having 
v^avelength 780 nm, 680 nm, 650 nm and 635 nm, a green semiconductor 
laser having a wavelength of about 532 nm and a blue semiconductor 
laser having a wavelength of about 400 nra. To be concrete, the light 
source section should preferably be comprised of a semiconductor laser 
having a wavelength longer than 300 nm and shorter than 900 nm. 

The recording wavelength Xrh and the reproducing wavelength 
Xpb of the information B should preferably be generated from a light 
source section having wavelength in the ultraviolet light region. When 
this light source section is comprised of a suitable means such as 
a solid-state laser and a semiconductor laser, the recording and 
reproducing apparatus can be made compact in size. Accordingly, the 
recording wavelength Xrh and the reproducing wavelength Xpb of the 
information B can be realized by a blue semiconductor laser having 
a wavelength of about 400 nm, a far-ultraviolet solid-state laser made 
of a nonlinear optical crystal having a wavelength 266 nm, excimer 
lamps having wavelength 108 nm, 126 nm, 146 nm, 154 nm, 161 nm, 172 
nm, 253 nm, 291 nm, 351 nm, a KrF excimer laser having a wavelength 
248 nm, an ArF excimer laser having a wavelength 193 nm and an F2 excimer 
laser havingawavelength 157 nmo To be concrete, therecordingwavelength 
Xrh and the reproducing wavelength A.pb of the inforraation B should 
preferably be generated from a light source section having a wavelength 
longer than 100 nm and shorter than 500 nra. 

Next, inventive examples concerning the light transmission 
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substrate 1 comprising the recording medium M according to the present 
invention will be described. It is needless to say that the present 
invention isnot limited to those inventive examples which will described 
below. 

INVENTIVE EXAMPLE Is 

In this case, there was prepared a light transmission substrate 
1 having a diameter of 120 nmmade of polycarbonate resin. The thickness 
of this light transmission substrate 1 maybe selected to such an extent 
that the change of transmittance or the change of reflectance of this 
light transmission substrate 1 can be detected. In this case, the 
thickness of the light transmission substrate 1 was selected to be 
0 . 5 mmo 

There were measured wavelength dependences of transmittances 
of a sample in which this light transmission substrate 1 was irradiated 
with ultraviolet rays 10 minutes by a ultraviolet lamp and a sample 
obtained before ultraviolet rays are irradiated on the light 
transmission substrate 1. In FIG. 19, a solid-line curve 61 shows a 
wavelength dependence of transmittance relative to the sample obtained 
before the light transmission substrate 1 is irradiated with ultraviolet 
rays. In FIG. 19, a dashed-line curve 62 shows a wavelength dependence 
of transmittance relative to the sample obtained after the light 
transmission siabstrate 1 was irradiated with ultraviolet rays. 

In this case, as the ultraviolet ray irradiating apparatus, 
there was used a ultraviolet ray irradiating apparatus manufactured 
by Technovision Corporation under the trade name of ^'UVO-CLEANER'' whose 
model type was 144A-100. The ultraviolet lamp is a low pressure mercury 
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grid lamp, and its lamp output is 20 mW/cm^ Wavelengths of main 
ultraviolet rays were 184.9 nm and 253.7 nra, respectively. The 
irradiation was carried out in the atmosphere of nitrogen gas. 
Transmittance was measured at wavelengths ranging from 300 nm to 800 
nm by a spectrophotometer. 

A study of FIG. 19 reveals that transmittance is decreased, 
in particular, transmittance is considerably decreased at wavelength 
under 500 nmby irradiating ultraviolet rays on the light transmission 
siibstrate. Then, transmittance is decreased from 88% obtained before 
irradiation to 75% obtained after irradiation at a wavelength 400 nm, 
and is decreased from 84% obtained before irradiation to 50% obtained 
after irradiation at a wavelength 350 nm, respectively. 

Next, in order to understand a phenomenon in which 
transmittance is changed with irradiation of ultraviolet rays, the 
optical constant of this light transmission substrate 1 was measured 
by an ellipsometry spectrometer. FIG. 20 shows compared results of 
wavelength dependences of refractive indexes measured before and after 
irradiation of ultraviolet rays. 

FIG. 21 shows compared results of wavelength dependences of 
extinction coefficients measured before and after irradiation of 
ultraviolet rays. 

As shown in FIGS. 20 and 21, it was confirmed that the refractive 
index and the extinction coefficient which are the optical constants 
of the light transmission substrate 1 are changed with irradiation 
of ultraviolet rays. 

It was observed by a stereo optical microscope whether or 
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not the shape of the light transmission substrate 1 was changed before 
and after irradiation of ultraviolet rays. However, it was confirmed 
that the shape of the light transmission substrate 1 was not changed 
at all before and after irradiation of ultraviolet ray. Accordingly, 
the change of the transmittance is considered as chemical change or 
alteration occurred within the resin material by irradiation of 
ultraviolet rays. It should be considered that the change of the 
transmittance is not the physical change of the shape by so-called 
laser abrasion such as evaporation and deformation of resin material 
with irradiation of ultraviolet laser beams as has been so far reported. 

Specifically/ thechangeof the optical characteristic (change 
of transmittance or change of reflectance) due to irradiation of 
ultraviolet rays are based on the changes of refractive index and 
extinction coefficient theraselves which are the optical constants of 
the resin material. 

As is clear from FIG. 19, when the transmittance or the 
reflectance changed with irradiation of ultraviolet rays is used, 
according to the inventive recording medium M, information can be 
recorded on and reproduced from the light transmission substrate 1. 

Specifically, according to the present invention, as described 
before, while information Bean be recordedby the change of transmittance, 
for example, of the light transmission substrate 1 of the recording 
medium M with irradiation of ultraviolet rays, the information B can 
be reproduced by detecting the change of the transmittance of this 
light transmission substrate 1. 

Further, inventive examples in which refractive index and 
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extinction coefficient which are optical constants of the light 
transmission substrate 1 are changed by irradiating the light 
transmission substrate 1 with ultraviolet rays^ whereby transmittance 
or reflectance of the light transmission substrate 1 is changed to 
thereby record and reproduce information B in the form of characters y 
numerals/ image and bar code will be described. 
INVENTIVE EXAMPLE 2i 

In this case, information was recorded by selectively 
irradiating the light transmission substrate 1 with ultraviolet rays. 

Specifically/ inthiscasey there was used a light transmission 
substrate made of polycarbonate resin having a diameter of 120 mm with 
the arrangement in which very small concavities and convexities shown 
in FIG. 1 were formedo Also in this case^ the thickness of the substrate 
1 may be selected to an extend that the change of transmittance or 
the change of reflectance of this substrate 1 can be detected. In this 
case/ the thickness of this substrate 1 was selected to be 0.6 mm. 

On this one major surface of this light transmission si±)Strate 
1/ there were formed grooves comprising four zones whose track pitch 
ranges from 0.40 }i to 0.36 pm at the unit of 0.02 

In actual arrangement/ it is needless to say that/ in addition 
to the above grooves/ pit marks and wobbled grooves for reading address 
and the likemaybe formed on one roaj or surface of this light transmission 
substrate 1 . 

In this case/ information B based on characters were recorded 
on the light transmission substrate 1 on which several annular grooves 
G are formed as shown in FIG. 22Aby selectively irradiating ultraviolet 
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rays on the light transmission substrate 1 through a photo-mask with 
ultraviolet rays as shown in FIG. 22B. Also in this case, ultraviolet 
rays were irradiated on only the character portions 10 minutes. 

In this case, those characters could be observed visually 
by the naked eyes. 

Accordingly/ as mentioned before, it is to be understood that 
numerals, characters, bar code sand image scan be writ ten on the recording 
medium. 

While the change of the transmittance based on light passed 
through the light transmission substrate 1 is detected as described 
above, the present invention is not limited thereto, and the reflecting 
film in which aluminura, copper, platin™, silver, gold and alloy thereof 
having predetermined reflectance were deposited may be forraed on the 
light transmission substrate 1 obtained after irradiation of 
ultraviolet rays and the change of the transmittance can be detected 
as the change of amount of reflected light by reflected light from 
the light transmission substrate 1. 

While the information B is recorded on the light transmission 
substrate 1 on which the grooves G are formed in FIGS. 22A and 22B, 
the present invention is not limited thereto, and a recording medium 
can be comprised of the light transmission recording material 100 itself 
and similar information B can be recorded on this resultant recording 
mediiam with similar effects being achieved. 

Next, an inventive exaraple in which a refractive index and 
an extinction coefficient, which are optical constants of the light 
transmission substrate 1, are changed with irradiating the light 
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transmission substrate 1 with ultraviolet rayS/ whereby the 
transmittance or the reflectance of the light transmission substrate 
1 is changed to thereby record and reproduce information B will be 
described. 

INVENTIVE EXAMPLE 3: 

In this inventive example 3^ as earlier noted with reference 
to the inventive example 2, since information can be recorded on the 
light transmission substrate 1 by selectively irradiating an arbitrary 
position of the light transmission substrate 1 with ultraviolet rayS/ 
information B was recorded on the light transmission siibstrate 1 by 
selectively irradiating the light transmission substrate 1 with 
ultraviolet rays and the information B thus recorded was reproduced 
by the reproducing apparatus according to the present invention. 

Also in this case^ similarly as described before^ there was 
prepared the light transmission substrate 1 having the diameter of 
120 mm. Also in this case, while the thickness of this light transmission 
substrate 1 may be selected to an extent that a change of transmittance 
or a change of reflectance can be detected^ in this case/ the thickness 
of the light transmission substrate 1 was selected to be 0.6 mm. 

When ultraviolet rays were irradiated on this light 
transmission s-L±)strate ly similarly as described before^ recording 
mark trains were recorded as information B by irradiating the light 
transmission substrate 1 with ultraviolet rays from the ultraviolet 
ray lamp through the photo-mask. These recording mark trains were 
recorded while the lengths of the marks were being changed as 2.0 mra^ 
1.0 mm^ 0.5 mm and 0.3 mm^ respectively. 
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In this case, it is needless to say that grooves^ pit marksy 
wobbled grooves for reading address / a reflecting film and a recording 
layer can be formed on one major surface of the light transmission 
si±)strate 1. 

In order to reproduce the light transmission substrate 1 in 
which these information B were recorded by irradiation of ultraviolet 
rays by the reproducing apparatus according to the present invention 
nexty a reflecting film made of aluminim having a thickness of 100 
nmwas deposited on one major surface of the light transmission substrate 
in which information B were recorded by a sputtering apparatus. 

Thereafter^ a ultraviolet-curing resin was coated on this 
aluminum reflecting film and cured with irradiation of ultraviolet 
raysy thereby resulting in a protecting film being formed ^ 

The material of the reflecting film is not limited to aluminum 
and the reflecting film may be made of other material having proper 
reflectance at a reproducing wavelength/ e.g. / aluminum alloy / copper / 
platinum/ silver/ gold and alloy thereof . 

The recording medium M in which the information B was recorded 
in this manner was reproduced by the inventive reproducing apparatus 
using an optical pickup 34 shown in FIG. 23. 

Alight source 71 for generating reproducing light was a gallium 
nitride semiconductor laser having a wavelength of 405 nm. There was 
used the ob j ective lens 5 whose numerical aperture (NA.) was 0^6. 

A linear velocity of the recording medium M was selected to 
be 3.46 m/s. 

When the information B was detected from the recording medium 
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M/ information B was detected as a sum of detected outputs of amounts 
of reflected lights introduced into detectors RFl and RF2 from the 
recording medium M and the detected information was used as a reproduced 
signal of information B. Power of reproducing laser light used upon 
reproduction was selected to be 2 mW. 

In this example^ reproducing laser light from the laser (not 
shown) having the wavelength of 405 nm in a light source 71 is irradiated 
on the recording medium M through a collimator lens 72, an anamorphic 
lens 73y a beam splitter 75, a half-wave plate 76 and the objective 
lens 5. 

A monitor signal for controlling power of the laser 71 is 
obtainedby detecting laser lights partly reflected by the beam splitter 
75, with a front monitor detector 77. 

Laser light reflected from the recording mediumM is introduced 
into the beam splitter 75 through the objective lens 5 and the half-wave 
plate 76, thereby reflected and introduced into other beam splitter 
78, in which part of introduced light is passed and part of introduced 
light is reflected. Reflected laser light passed through the beam 
splitter 78 is introduced into a beam splitter 83 through a half-wave 
plate 82, thereby splitted into two optical paths and then introduced 
into the detectors RFl andRF2 throughmulti-lenses 84, 85, respectively. 

On the other hand, laser light splitted by the beaia splitter 
78 is introduced into a condenser lens 86, a multi-lens 87 and a focus 
detector 88. 

While the sum of the detected outputs from the detectors RFl 
andRF2 canbeusedas described before, when information A, for example, 
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is recorded on the magneto-optical recording medium, i . e ^ , information 
A is read out from the magneto-optical recording medium by detecting 
Kerr rotation angle Bk, Kerr rotation angles +ek and -Qk are detected 
and a reproduced output is detectedby a difference between these outputs , 
thereby increasing the reproduced output. 

It is needless to say that the arrangeraent of the optical 
system of the reproducing apparatus shown in FIG. 23 can be modified 
depending upon various reproducing methods of information A. Further, 
the arrangement of the reproducing optical systera of information B 
is not limited thereto and may be modified so long as it can detect 
the change of araount of passed light or the change of amount of reflected 
light. 

FIGSo 24 to 28 show reproduced signals obtained by detecting 
the change of araount of reflected light from this recording medium 
M. FIG. 24 shows recording mark trains and it was confirmed that a 
stable and satisfactory signal could be obtained. FIGS. 25 to 28 show 
reproduced signals in which lengths of recording marks are 0.3 mm, 
0.5 mm, 1.0 mm and 2.0 mm, respectively. 

FIG. 29 show ratios in which amount of reflected light is 
changed relative to lengths of recording marks thus obtained. It was 
confirmed that any recording marks thus recorded can provide stable 
and satisfactory signals. 

FIGS. 30A and SOB show reproduced signals of recording mark 
trains obtained when the recording medium is reproduced one time and 
100000 time, respectively. As is clear from the comparison of these 
reproduced signal, the reproduced signal obtained after the recording 
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medium was reproduced 100000 times can provide a stable and satisfactory 
signal. 

FIG. 31 shows an amplitude of amount of reflected light of 
2.0 mm-long mark relative to the number of times of reproduction. As 
shown in FIG. 31, with respect to the reproduction of 100000 times, 
the amplitude of the amount of reflected light is not changed at all. 
Therefore, it was to be imder stood that information B of the recording 
medium M according to the present invention is recorded as extremely 
stable and irreversible information. 

In a like manner, the reflecting film made of aluminum was 
replaced with a pigment recording film such as a phthalocyanine-based 
pigment film, a magnetic recording film such as a CoPtCr-based magnetic 
film, a magneto-optical recording film such as a TbFeCo-based magnetic 
film and a phase change recording film such as a GeSbTe-based film 
and deposited on one major surface of the light transmission substrate 
1 inwhichinformationBwas recordedby respective deposition apparatus . 
Then, information B could be reproduced by changing the changes of 
amount of reflected light with the reproducing apparatus similarly. 

In this case, information could be reproduced while no trouble 
occurs in a reproduction stability until the recording medium is 
reproduced 100000 times. 

In the case of the above recording film, except the recording 
film, an optical interference film, a heat control film and a reflecting 
film can properly be added and deposited. 

The above arrangement of the magneto-optical recording film 
was changed to a magnetic super-resolution recording mediimi such as 
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central detection type magnetic super-resolution recording medium^ 
e.g.^ a MAMMOS (Magnetic Amplifying Magneto-Optical System) and a 
magnetic domain enlarged reproducing medium such as a DWDD (Domain 
Wall Displacement Detection) which includes at least a reproducing 
layer and a recording layer and in which an information magnetic domain 
recorded on a recording layer is selectively transferred to the 
reproducing layer by using a temperature distribution within 
reproducing light or a magnetic domain is enlarged and transferred 
to the reproducing layer upon reproduction and then deposited on the 
light transmission substrate 1 in which information B was recorded 
by respective deposition apparatus. Then^ information B could be 
reproduced by changing the changes of amount of reflected light with 
the reproducing apparatus similarly. 

In this case, information could be reproduced while no trouble 
occurs in a reproduction stability until the recording mediura is 
reproduced 100000 times. 

In the case of the above recording f ilm^ except the recording 
f ilm^ an optical interference f ilm^ a heat control film and a reflecting 
film can properly be added and deposited. 

Therefore/ it became clear that/ according to the present 
invention^ the information B can be reproduced from the light 
transmission substrate M extremely satisfactorily and stably by the 
reproducing method of the present invention and that recorded 
information is irreversible and stable o 

Therefore^ it was confirmed that the recording medium the 
recording and reproducing method and the recording and reproducing 
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apparatus according to the present invention are very suitable for 
recording information such as inherent identification information of 
recording medium which should preferably be prevented from being easily 
rewritten. 

As described above^ it was demonstrated that inforraation can 
be recorded on and reproduced from the light transmission srbstrate 
1 by using the transmittance changed with irradiation of ultraviolet 
rays according to the recording medium^ the recording and reproducing 
method and the recording and reproducing apparatus of the present 
invention. Specifically^ it was made clear that information can be 
recorded by the change of the transmittance of the light transmission 
substrate of the recording medium owing to irradiation of ultraviolet 
rays and that information can be reproduced by detecting the change 
of transmittance (or the change of reflectance) of this light 
transmission substrate. 

Specifically/ the above inventive example 1 reveals that the 
refractive index and the extinction coefficient/ which are the optical 
constants of the light transmission substrate 1/ are changed by 
irradiating the arbitrary position of the light transmission substrate 
1 with ultraviolet rayS/ whereby the transmittance of the light 
transmission substrate 1 is changed to thereby make it possible to 
record/ reproduce information o 

The inventive example 2 reveals that infojotiation can be 
recorded on the recording medium by selectively irradiating the 
arbitrary position of the light transmission substrate 1 with 
ultraviolet rays. 
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Further^ the inventive exainple 3 reveals that information 
can be recorded on the light transmission substrate by selectively 
irradiating the arbitrary position of the light transmission substrate 
1 with ultraviolet rays and that the information thus recorded can 
be reproduced by using the reproducing apparatus according to the present 
invention. 

Next/ an inventive example in which the ultraviolet ray light 
source is replaced with a ultraviolet lamp and information can be recorded 
and reproduced by using a ultraviolet ray laser. 
INVENTIVE EXAMPLE 4: 

Also in this example^ there was prepared the light transmission 
substrate 1 made of polycarbonate resin having the diameter of 120 
mm. While the thickness of this light transmission substrate 1 may 
be selected to an extent that the change of transmittance or the change 
of reflectance of this light transmission substrate 1 can be detected^ 
in this case/ the thickness of this light transmission substrate 1 
was selected to be 0.6 mm. 

When ultraviolet ray laser light was irradiated on the light 
transmission substrate 1/ ultraviolet ray laser light was irradiated 
on one major surface of the light transmission substrate 1 by the method 
that has been described so fat with reference to FIG. 10. A length 
of a mark of recorded information was selected to be Go 45 ram. 

In this case/ very small concavities and convexities based 
on grooves/ pit marks and wobbled guide grooves for reading address 
were formed on one major surface of the light transmission siibstrate 
1. Further^ a reflecting film and a recording film also can be recorded 
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on the one major surface of the light transmission substrate 1. 

As the used ultraviolet ray laser^ there was used a 
far-ultraviolet sold-state laser manufactured by Sony Precision 
Technology Corporation under the trade name of UW-1020. 

The wavelength of generated ultraviolet ray light was 266.0 
nm and a diameter of its beam spot was 0.8 ± 0.2 ram. The irradiation 
of ultraviolet ray laser light was executed in the atmosphere. In this 
case, ultraviolet ray laser light was directly introduced into the 
light transmission substrate 1 and information was recorded under 
control of the on and off of irradiation and an irradiation time executed 
by a mechanical shutter disposed at a laser emitting outlet. 

In order to reproduce the light transmission substrate 1 in 
which these information were recorded by irradiation of ultraviolet 
rays by the reproducing apparatus according to the present invention 
next, a reflecting film made of aluminum having a thickness of 100 
nmwas deposited on one major surface of the light transmission substrate 
in which information were recorded by a sputtering apparatus » 

Thereafter, a ultraviolet-curing resin was coated on this 
aluminura reflecting film and cured with irradiation of ultraviolet 
rayS/ thereby resulting in a protecting film being forraed. 

In this case, the material of the reflecting film is not limited 
to alurainum and the reflecting film may be made of other material having 
proper reflectance at a reproducing wavelength, e^g. , aluminum alloy, 
copper, platinum, silver, gold and alloy thereof. 

The recording mediuia M in which the information was recorded 
in this manner was reproduced by the inventive reproducing apparatus 
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using an optical pickup^ i.e./ a reproducing apparatus according to 
the present invention. A reproducing laser was a galliim nitride 
semiconductor laser having a wavelength of 405 ma. There was used the 
objective lens whose numerical aperture (NA.) was 0 . 6 , A linear velocity 
of the recording medium, was selected to be 3.46 m/So 

When the information was detected from the recording medium^ 
information was detected as a sum of detected outputs of amounts of 
reflected lights introduced into detectors RFl andRF2 from the recording 
medium M and the detected information was used as a reproduced signal 
of inf ormationB o Power of reproducing laser light used upon reproduction 
was selected to be 2 mW. 

FIGS. 32A to 32C show measured results of reproduced signals 
obtained by detecting the change of amount of reflected light from 
this recording medium^ As shown by arrows in FIGo 32A and as shown 
in FIGS. 32B and 320 in an enlarged-scale^ the reflected light amount 
is changed with the irradiation time of ultraviolet rays and a recording 
signal can be modulated by a time or an intensity of ultraviolet ray 
irradiation. It was confirmed that the signal thus obtained can provide 
a stable and satisfactory signal. 

With respect to the reproduction of 100000 times^ the amplitude 
of the amount of reflected light is not changed at all. Therefore^ 
it was to be understood that information of the recording medium is 
recorded as extremely stable and irreversible information. 

In a like manner^ the reflecting film made of aluminum was 
replaced with a pigment recording film such as a phthalocyanine-based 
pigment film, a magnetic recording film such as a CoPtCr-based magnetic 
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film, a magneto-optical recording film such as a TbFeCo-based magnetic 
film and a phase change recording film such as a GeSbTe-based film 
and deposited on one major surface of the light transmission substrate 
1 in which informationB was recordedby respective deposition apparatus . 
Then, information B could be reproduced by detecting the changes of 
amount of reflected light with the reproducing apparatus similarly. 

In this case, information could be reproduced while no trouble 
occurs in a reproduction stability until the recording medium is 
reproduced 100000 times. 

In the case of the above recording film, except the recording 
film, an optical interference film, a heat control film and a reflecting 
film can properly be added and deposited. 

The above arrangement of the magneto-optical recording film 
was changed to a magnetic super-resolution recording medium such as 
central detection type magnetic super-resolution recording medium, 
e-g. , a and a magnetic domain enlarged reproducing mediimi such 

as a DWDD is deposited on the light transmission substrate 1 in which 
information B was recorded by respective deposition apparatus o Then, 
information B could be reproduced by detecting the changes of amount 
of reflected light with the reproducing apparatus similarly. 

In this case, information could be reproduced while no troiible 
occurs in a reproduction stability until the recording medium is 
reproduced 100000 times. 

Also in this case, except the recording film, an optical 
interference film, aheat control film and a reflecting film can properly 
be added and deposited. 



62 



Therefore/ according to the irradiation of ultraviolet ray 
laser/ the information can be reproduced from the light transmission 
substrate 1 extremely satisfactorily and stably recorded information 
is irreversible and stable o 

Therefore^ the recording medium and the recording and 
reproducing method are very suitable for recording information such 
as inherent identification information of recordingmedium which should 
preferably be prevented from being easily rewritten. 

From the above examination^ it was demonstrated that 
information canbe recorded on and reproduced from the 1 ight transmission 
substrate by using the transmittance or the reflectance changed with 
irradiation of ultraviolet rays according to the recording medium^ 
the recording and reproducing method and the recording and reproducing 
apparatus of the present invention. Specif ically^ it was proved that 
information can be recorded by the change of the transmittance or the 
reflectance of the light transmission substrate of the recordingmedium 
owing to irradiation of ultraviolet rays and that information can be 
reproduced by detecting the change of transmittance or the change of 
reflectance of this light transmission substrate. 
TNVENTIVE EXmPLE 5: 

Information is recorded by irradiation of ultraviolet rays^ 
whereby information was recorded in a multi-value recording fashion 
by the changed amount of arbitrary transmittance. 

Also in this case/ there was used the light transmission 
substrate 1 similar to that of the inventive example and the like. 
FIG. 33 show a wavelength dependence of transmittance of a light 
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transmission substrate 1 which was not irradiated with ultraviolet 
rays and wavelength dependences of transmittances of respective light 
transmission si±)strates 1 which were irradiated with ultraviolet rays 
5 minutes / 10 minutes and 20 minutes. 

FIG. 34 shows a relationship between the transmittance of 
the light transmission substrate 1 and the ultraviolet ray irradiation 
time based on the above measured value. A study of FIG. 34 reveals 
that the transmittance of the light transmission substrate 1 is changed 
with the irradiation time of ultraviolet rays. For example^ it was 
measured that; at a wavelength of 350 nm^ transmittance was decreased 
to 84% without irradiation of ultraviolet rays^ the transmittance was 
decreased to 60% with irradiation of ultraviolet rays for 5 minutes ^ 
transmittance was decreased to 50% with irradiation of ultraviolet 
rays for 10 minutes and transmittance was decreased to 44% with 
irradiation of ultraviolet rays for 20 minutes^ respectively. 

Accordingly^ it is to be understood that the changed amount 
of the transmittance of the light transmission substrate 1 can be 
arbitrary adjusted by the irradiation time and that inforraation is 
recorded in a multi-value recording fashion. 

FIG. 35 shows the case in which multi-value recording trains 
are formed on the light transmission substrate 1 based on recording 
portions 20a^ 20b^ 20c of information B whose transmittance is changed 
by light amount of irradiated ultraviolet rays or/and time for 
irradiating ultraviolet rays. In this case/ not only information can 
be provided by the mark length of the recording portion but also 
information can be given to the changed amount of transmittance of 
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recordingportion. Accordingly^ information canbemadehighin density. 

In this case/ while the changed amount of arbitrary 
transmittance is adjusted by the irradiation time of ultraviolet rayS/ 
the changed amount of transmittance can be similarly controlled by 
intensity of irradiation of ultraviolet raySo 

FIG. 36 shows detected signals obtained from the recording 
portions 20a^ 20b^ 20c by the above change of the transmittance. As 
shown in FIG. 36^ corresponding mult i- value signals 90a/ 90b/ 90c can 
be obtained from the above recording portions 20a/ 20b/ 20c o 
INVENTIVE EXAMPLE 6i 

With respect to recording of information on the light 
transmission substrate by irradiation of ultraviolet rayS/ 
irreversibility and durability of change of transmittance were 
confirmed. Also in this case/ there was used a similar light transmission 
substrate 1 similar to that of the aforementioned inventive example 
1. 

FIG. 37 shows measured results of transmittance of the light 
transmission substrate 1 which was left at a room temperature one hour 
in the atmosphere after this light transmission substrate 1 had been 
irradiated with ultraviolet rays 10 minutes and transmittance of the 
light transmission substrate 1 which had been left one month. 

According to the above measured results/ it was confirmed 
that the change of the transmittance of the light transmission substrate 
1 was stable and irreversible even when the light transmission substrate 
1 has been left for a long time immediately after irradiation of 
ultraviolet rays. 



66 



Therefore/ it was to be understood that the recording medium 
and the recording method for recording information on the light 
transmission substrate 1 according to the present invention can be 
carried out irreversibly and stably and that the recording medium and 
the recordingmethod according to the present invention are very suitable 
for recording informations such as inherent identification information 
of recording medium which should preferably be prevented from being 
easily rewritten. 
INVENTIVE EXmPLE 7: 

Next, with respect to recording of information on the light 
transmission substrate 1 by irradiation of ultraviolet rays^ it was 
confirmed that information is reproduced at an arbitrary wavelength 
by using the wavelength dependence of the change of the transmittance . 

Also in this case^ there was used the same light transmission 
substrate 1 as that of the inventive example 1 . 

FIG. 38 shows measured results of wavelength dependence of 
transmittance of the light transmission substrate 1 which is not 
irradiated with ultraviolet rays and wavelength dependence of 
transmittance of the light transmission substrate 1 which has been 
irradiated with ultraviolet rays 10 minutes. As shown in FIG. 38, the 
transmittance changes from 88% to 74% at a wavelength of 400 rm^ and 
the transmittance is not changed and is held at 90% at a wavelength 
of 660 nm before and after irradiation of ultraviolet rays. 

Accordingly, as schematically shown in FIG. 39, according 
to the wavelength dependence of this transmittance, while a blue laser 
having a wavelength of about 4 00 nm can detect the change of transmittance 
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and therefore can reproduce inf ormation^ a red laser having a wavelength 
of 660 ran cannot detect the change of transraittance/ when a recording 
and reproducing apparatus is such one for reproducing the infomation 
A by the ordinary red laser^ there can be realized a recording and 
reproducing apparatus in which the information B cannot be reproduced 
from the light transmission substrate 1. 

Then^ the recording medium that had been used in the inventive 
example 3 was reproduced by two reproducing apparatus having two 
different wavelengths Xi and 

In this case^ the respective reproducing optical systems have 
the arrangements in which the light source wavelength Xi ^ 660 nm and 
the numerical aperture of the objective lens is 0.6 (referred to as 
a ""^ reproducing apparatus V^) and the light source wavelength X2 ^ 405 
nm and the numerical aperture of the objective lens is 0.6 (referred 
to as a ^^reproducing apparatus 2^0 - 

FIGS. 4 OA and 40B show reproduced signals obtained when the 
recording medium M in the inventive example 3 was reproduced by the 
reproducing apparatus 1 and 2, respectively o As shown in FIG. 40A/ 
while a signal cannot be reproduced from the recording portion 20 of 
the information B by the reproducing apparatus 1 having the laser 
wavelength of 660 nm^ the reproducing apparatus 2 having the wavelength 
of 405 ma can satisfactorily reproduce the recording portion 20. 
Specif ically/ this uses the wavelength dependence of the change of 
the transmittance of recording information of the recording mediura 
according to the present invention. 
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Specifically, according to the recording medium M of the 
present invention, the information B can selectively be reproduced 
from the light transmission substrate 1 of the recording medium M based 
on the wavelength of reproducing laser light. To be concrete, as shown 
in FIG, 41A, when a blue laser is used for the recording portion 20 
of the information A, there can be obtained a reproducing waveform 
signal whose passed light amount or reflected light amount changes 
from To to T3- However, as shown in FIG. 4 IB, according to the reproducing 
apparatus 1 for reproducing the recording area of the information A 

by a red blue laser, there cannot be obtained the reproducing waveform 
for the recording portion 20 of the information B . That is, it becomes 

possible to record the information B which cannot be reproduced at 

all without blue laser. 

Accordingly, for example, the information B such as 

identification information inherent in the recording medium M can be 

stored in the recording medium M under the condition in which the 

information B cannot easily be recorded and reproduced by users in 

general . 

While the wavelength Xi is 660 ran and the wavelength X2 is 
405 nm as described above, the present invention is not limited thereto 
and other arrangements maybe used. That is, according to the recording 
medium and the recording and reproducingmethod o f the present invention, 
in addition to the information usually recorded on the recording medium, 
i.e., the information A, the information B recorded on the light 
transmission substrate 1 as the change of transmittance or the change 
of reflectance can selectively be reproduced by a reproducing apparatus 
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having a plurality of wavelengths. 

As a reproducing apparatus having a plurality of wavelength^ 
there can be used an arrangement in which reproducing optical systems 
Ri and R2 are respectively provided for the wavelengths Xi and X2 as 
shown in a schematic diagram of FIG. 42^ for example. As shown in FIG. 
42/ the two reproducing optical systems Ri and R2 include light sources 
711/ 712 for generating laser beaias having wavelength Xi and Xz and 
accompanying typical optical elements^ i.e./ collimator lenses 721^ 
722/ beamsplitters 751/ 752/ objective lenses 51^ 52; condenser lenses 
841/ 842 and photodetectors 861/ 862. 

While the reproducing apparatus having a plurality of 
wavelength is comprised of the two independent reproducing optical 
systems Ri andR2 in the exaiaple shown in FIG. 42/ the present invention 
is not limited thereto/ and the following variant is also possible. 
That iS/ as shown in FIG. 43/ part of optical path/ i.e. / part of optical 
system/ in the illustrated example/ there are provided a common beam 
splitter 75 and a common objective lens 5 so that a photodetector 86 
can detect only reproducing light of the information A/ i.e.^ the 
wavelength Xi. 

FIG. 44 shows a reproducing method using a light source 71 
for generating light having wavelengths containing the two wavelengths 
Xi and X2. In FIG. 44/ elements and parts identical to those of FIG. 
43 are marked with identical reference numerals and therefore need 
not be described. 

The recording and reproducing apparatus can change not only 
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the reproducing optical systembut also the optical system^ the detection 
method and the detector in response to the kinds of the information 
A and the information for example ^ 
INVENTIVE EXAMPLE 8: 

The light transmission substrate 1 was made of polyolefin 
resin. Also in this case^ while the light transmission substrate 1 
has the diameter of 120 nm and the thickness of 0.6 mra/ the thickness 
of this light transmission substrate 1 can freely be changed to an 
extent that the change of transmit tance or the change of reflectance 
can be detected. 

FIG. 45 shows measured results of wavelength dependences of 
transmittance of a substrate in which ultraviolet rays are irradiated 
on this light transmission substrate 1 10 minutes and a substrate in 
which ultraviolet rays are not irradiated on the light transmission 
substrate 1 . 

Also in this case^ a study of FIG. 45 reveals that^ similarly 
to the polycarbonate material^ the transmittance is decreased by 
irradiation of ultraviolet rayS/ in particular ^ the transmittance is 
considerably decreased at a wavelength less than 500 nm. While the 
decreased amoimt is 91% at a wavelength of 400 nm before irradiation 
of ultraviolet rays^ the decreased amount is decreased to 84% after 
irradiation of ultraviolet rays. While the decreased amount is 90% 
at a wavelength of 350 nm before irradiation of ultraviolet rays^ the 
decreased amount is decreased to 67% after irradiation of ultraviolet 
rays. 

Nexty in order to understand the phenomenon in which the 
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transmittance is changed with irradiation of ultraviolet rays, the 
optical constants of this light transmission substrate 1 were measured 
by ellipsometry spectrometer, FIG, 46 shows compared results of 
refractive indexes obtained before and after the light transmission 
substrate 1 is irradiated with ultraviolet rays, FIG, 47 shows compared 
results of extinction coefficients obtained before and after the light 
transmission substrate 1 is irradiated with ultraviolet rays. 

As shown in FIGS , 4 6 and 47 , it was confirmed that the refractive 
index and the extinction coefficient themselves which are the optical 
constants of the polyolefin material are changed with irradiation of 
ultraviolet rays similarly to the polycarbonate material. 

Accordingly, the change of the transmittance can be considered 
as the chemical change and alteration caused within the resin material 
by ultraviolet rays but this change is not the physical change of shapes, 
causedby so-called laser abrasion, such as evaporation and deformation 
of resin material with irradiation of ultraviolet laser beams, which 
point should receive a remarkable attention. 

As described above, also in the light transmission substrate 
1 made of polyolefin material, the information B can be recorded on 
and reproduced from the substrate 1 by using the change of optical 
characteristic (change of transmittance or change of reflectance) and 
the changes of the refractive index and the extinction coefficient. 
Accordingly, in the same way as in the above light transmission substrate 
1 made of the polycarbonate resin, the information B can be recorded 
and further the change of the reflectance or the change of the 
transmittance can be detected. Also in this case, it becomes possible 
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to record and reproduce information. 

When the light transmission substrate 1 is made of other 
material than polycarbonate resin and polyolef in resin^ such as 
polymethyl methacrylate (PMMA) resin^ epoxy resin, acrylic resin and 
glass which are used in an optical disk or the like^ it becomes possible 
to record the infomation B by irradiation of ultraviolet rays^ for 
example o 

While the information B is recorded and reproduced from the 
light transmission substrate 1 as described above^ the information 
B can similarly be recorded and reproduced from the light transmission 
protecting film 2 in which/ in addition to the materials that can be 
carried out in the above light transmission substrate 1, a solution-like 
material is deposited on the substrate 1, for example^ cured with 
ultraviolet rays / forexample/ to make the light transmission protecting 
film 2. 

Specifically^ the light transmission protecting film 2 is 
made of material such as polycarbonate resin^ polyolef in resin, PMMMA. 
resin, epoxy resiny acrylic resin^ glass, ultraviolet-curing resin, 
thermosetting resin and photo-polymer, and the information B can be 
recorded on and reproduced from the light transmission protecting film 
2. 

As described above, according to the present invention, there 
is provided the recording medium including the recording area of the 
infoimiationAinwhich this information A can be recorded and reproduced. 
Identification information inherent in the recording medium M or 
recording information can be recorded/ reproduced as the information 
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B by using the change of the transmittance of the light transmission 
substrate 1 of the recording medium M or the change of the reflectance. 
As a result/ there can be realized the recording mediuia which can hardly 
be duplicated/ imitated and forged^r its recording and reproducingmethod 
and its recording and reproducing apparatus. 

Similarly/ the recording mediura according to the present 
invention is the recording medium including the recording area of the 
information A in which the information A is recorded and reproduced. 
Identification information inherent in the recording medium M or 
recording information can be recorded/ reproduced as the information 
B by using information of the change of transmittance of the light 
transmission protecting film 2 of the recording medium or the change 
of the reflectance o As a result^ there can be realized the recording 
medium which can hardly be duplicated^ imitated and forged/ its recording 
and reproducing method and its recording and reproducing apparatus . 

While the disk medixims have been mainly illustrated and 
described so far in the above inventive exairples and the embodiments/ 
the present invention is not limited to the disk medium and the recording 
medium of the present invention can take various shapes and arrangements 
such as a card- like recording medium. 

While optical recording has been described so far in the above 
examples/ information can be recorded on the light transmission 
recording material/ the light transmission substrate and the light 
transmission protecting film with irradiation of electron bearas by 
using the electron beam irradiating apparatus. 

As set forth above/ according to the recording medium/ the 
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recording and reproducing method and the recording and reproducing 
apparatus of the present invention^ the inforxnation B can be recorded 
on and reproduced from the light transmission substrate 1 by using 
the transmittance changed with or the reflectance changed with 
irradiation of ultraviolet rays. Specifically^ the transmittance or 
the reflectance of the light transmission substrate 1 of the recording 
medium M is changed (recorded) with irradiation of ultraviolet rays 
and information can be recorded/ reproduced by detecting (reproducing) 
the change of the transmittance of this light transmission substrate 
1 or the change of the reflectance. 

According to the recording medium^ the recording and 
reproducing method and the recording and reproducing apparatus of the 
present invention^ information can selectively be recorded on the light 
transmission substrate 1 irradiated with ultraviolet rays by the change 
of the transmittance of the substrate or the change of the reflectance. 

According to the recording medium^ the recording and 
reproducing method and the recording and reproducing apparatus of the 
present invention^ in addition to the arrangement in which the change 
of the transmittance is detected^ when a reflecting film having a proper 
reflectance/ e.g^/ aluminum^ silver / gold or the like is deposited 
on the substrate which had been irradiated with ultraviolet rayS/ the 
change of the transmittance or the change of the reflectance can be 
detected as the change of the amount of reflected light by the reflected 
light from the substrate « 

According to the recording medium^ the recording and 
reproducing method and the recording and reproducing apparatus of the 
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present invention^ the amount of the changed transmittance or the amount 
of the changed reflectance of the light transmission substrate can 
be arbitrarily adjusted in response to the irradiation time or/and 
the irradiation intensity. ThuS/ when information is recorded on the 
light transmission substrate^ information can be recorded in a 
multi-value recording f ashionby the amount of the changed transmittance 
or the reflectance. Specifically/ not only information can be given 
to the length of the recorded marks used in the conventional optical 
disk but also information can be given to the aiaount of the changed 
transmittance or the changed reflectance of the recorded mark . At the 
same time^ this arrangement can considerably contribute to abig increase 
of recording density at which information is recorded on the recording 
medium- 

According to the recording medium^ the recording and 
reproducing method and the recording and reproducing apparatus of the 
present invention^ since inforrciation can be recorded on the light 
transmission substrate irreversibly and stablyy it is possible to 
realize the recording medium^ the recording and reproducing method 
and the recording and reproducing apparatus which are very suitable 
for recording information B such as identification information inherent 
in the recording medium that should preferably be prevented from being 
easily rewritten. 

According to the recording medimri/ the recording and 
reproducing method and the recording and reproducing apparatus of the 
present invention^ information recorded on the light transmission 
substrate of the recording medium can selectively be reproduced based 
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on the wavelength of light for reproducing information. To be concrete^ 
in the recording itiedium in which information is recorded and reproduced 
by using the red laser^ for example/ when the information B is recorded 
on the light transmission substrate of the recording medium according 
to the present invention by the change of the transmittance^ information 
in which this information B can hardly be reproduced without the blue 
laser can be recorded on the recording medium in advance. For example^ 
if this inf ormationB is recorded on the recording mediumby the recording 
method according to the present invention in order to inhibit users 
in general from easily recording and reproducing identification 
information inherent in the recording medium and the like^ then 
information B can be stored in the recording medium in such a manner 
that the information cannot be reproduced without using the blue laser. 

According to the recording medium^ the recording and 
reproducing method and the recording and reproducing apparatus of the 
present invention^ inherent identification information^ e.g.y 
recording medium or recording information management information^ 
recording/ reproducing disapproving information^ recording medium true 
and false authentication information^ information of the number of 
times of recording/reproduction^ user authentication information and 
the like can be added to the respective recording mediums arbitrarily 
as information B. As a result^ there can be realized the recording 
mediumwhich can hardly be duplicated^ imitated and forged/ its recording 
and reproducing method and its recording and reproducing apparatus. 

Further^ according to the recording mediura/ the recording 
and reproducing method and the recording and reproducing apparatus 
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of the present invention^ since the information A and B can be recorded 
and reproduced by laser light having different wavelengths ^ only a 
recording medium manager or roanuf acturer can detect the information 
B. As a result/ there can be realized the recording medium which can 
hardly be duplicated^ imitated and forged by users in general. 

Furthermore / according to the present invention^ since the 
light transmission siibstrate or the light transmission protecting film 
in which the information B can be recorded and reproduced can be made 
of suitable resin materials such as polycarbonate resin^ PMMA resin 
and epoxy resin which are used as ordinary recording medium substrate 
or protecting film/ any specialmaterialsneednotbe selected. Therefore^ 
the recording medium and the recording and reproducing apparatus 
according to the present invention can be manufactured inexpensively. 

Having described preferred embodiments of the invention with 
reference to the accompanying drawings / it is to be understood that 
the invention is not limited to those precise embodiments and that 
various changes and modifications could be effected therein by one 
skilled in the art without departing from the spirit or scope of the 
invention as defined in the appended claims. 
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